Introduction
Forecasting heavy rain events and the area of greatest threat has been a long standing challenge in operational meteorology. Quantifying rainfall as a distribution provides forecasters with supplementary information on precipitation thresholds that can lead to significant flash flooding or major flooding.
Twenty-five years of daily (24-hour) rainfall data were examined for the Texas Hill Country using observations from 86 cooperative climate stations in the region; the period examined for this study was . Days with measurable precipitation were treated as a gamma distribution in order to determine the top 2%, 1%, and 0.5% to define events as unusual, rare, and extreme, respectively. This approach was applied to each station as well as to the aggregate data for all 86 stations, resulting in an analysis of 130,986 observations of 24-hour precipitation. From this sample, rainfall amounts were also calculated for each station that represent 25-, 50-, 100-, and 200-year return frequencies.
Previous work
Classifying flash flood storm types arose in the Maddox et al. (1979) study of the synoptic and meso-α aspects of more than 150 flash flooding events across the nation. Using storm data reports for the years 1933-1977, a flood climatology was compiled. This climatology supplied essential information to identify a vast sample of intense precipitation events. The flash floods were broken down into four subcategories: synoptic, frontal, mesohigh, and western.
Later, Doswell et al. (1996) advanced forecasting flash floods using a basic ingredients approach. An event's odds in producing a flash flood are significantly affected by such factors as antecedent precipitation, the extent of the drainage basin, topography of the basin, and urban influences within the basin. Since rainfall is usually an ordinary occurrence, raising public awareness about heavy rainfall and flash flooding can be a challenge.
Another prior study, conducted by Grice and Maddox (1982) , focused on heavy rain events in south Texas and the Texas Hill Country. An event was defined by rainfall equal to or greater than 5 inches within 24 hours for the area excluding the Hill country, and equal to or greater than 4 inches in 24 hours within the Hill Country.
Up to this point, studying large-scale patterns, key ingredients, and their durations have all provided a qualitative approach for studying heavy rainfall events. Quantitative understanding can arise through viewing rainfall as a distribution. Panofsky and Brier (1968) discussed multiple statistical distributions and how they are calculated. A gamma distribution is such a transformation and it is very useful in fitting and transforming various distributions that only yield positive values. We shall employ this approach as we build toward a more quantitative understanding of these events.
Methods
Within each county, there is at least one site where daily maximum and minimum temperature and precipitation amounts are recorded and sent to the local National Weather Service office.
The local office in New Braunfels, Texas receives 86 of these reports. Precipitation is the primary interest for this study spanning from January 1, 1982 to December 31, 2006. All instances of missing data, values of zero precipitation, or trace amounts were removed from the dataset. Only measurable precipitation amounts are desired.
The new filtered data set was then imported into statistical analysis software to calculate the alpha and beta values for each observing site, as well as, one alpha and one beta value for the entire dataset. These values were then used in the gamma distribution equation in Excel ® to determine the top 0.5%, 1.0%, and 2% limits.
The 2% values set the threshold for what we termed "unusual" events, 1% values represented "rare" events, and the 0.5% values set the threshold for "extreme" cases.
Results and Conclusions
For the aggregate gamma distribution, the parameters values of α=0.4678 and β=1.0082 were obtained. While individual stations varied greatly (shown in Table 1 ), the aggregate data yielded a 24-hour rainfall threshold of 67 mm (2.64 in) for an observation to be in the upper 2%, 82.6 mm (3.25 in) to be in the upper 1%, and 98.30 mm (3.87 in) to be in the upper 0.5% of the distribution.
Over the course of 25 years, 127 days were found on which at least five (5) stations in the region had a 24-hour rainfall total that would be in the top 2% (or higher). Of these, only four (4) were the direct result of a tropical cyclone. Most of the observing sites were near or above the 25-yr storm values. Return frequencies for 25-, 50-, 100-, and 200-years are given in Table 2 (PSC  2006) . A few locations actually had rainfall totals greater than the 200-yr return frequencies. When this happens it is an especially rare event and impressive flooding and damage will most likely occur. The return frequencies provide supplemental aide for forecaster that is crucial in the issuing of flash flood warnings.
Future Research
Using the three thresholds that were defined in Section 3, cases that had five or more stations receiving heavy rainfall were considered an event. Cases were then sorted into the number of days of duration. Seventy-six cases were 1-day events and are the focus of our ongoing studies. With these cases a detailed analysis will be performed using archived NARR data to reconstruct a proximity sounding for the location of the greatest rainfall.
The reason for deriving a mean proximity sounding is to gain a sense of the near-storm environment and build a small checklist of parameters that the cases have in common. By combining a successful checklist with the storm typing described by Maddox et al. (1979) , we expect that the new approach will then be implemented into a forecasting script that will locate the area where the greatest rainfall will occur. A forecasting tool such of this kind would advance operational meteorology by greatly increasing lead time on flash flooding forecasts for the emergency managers and the general public. 
